ABSTRACT Female white-tailed deer, Odocoileus virginianus (Zimmerman), were held in small pens and administered doramectin by free choice of doramectin-coated whole kernel corn, Zea mays L., fed ad libitum with 19% protein deer pellets also being fed ad libitum in a separate container. The mean concentration of doramectin in the serum during treatment was 72.8 ppb. The mean doramectin concentration in the serum decreased to Ͻ2 ppb, the lower limit of detection by high-pressure liquid chromatography, by day 14 after termination of treatment after withdrawal of doramectin-treated corn from the diet.
ALTHOUGH THE WHITE-TAILED DEER, Odocoileus virginianus (Zimmermann), is a marginal host for the cattle tick, Boophilus annulatus (Say), and the southern cattle tick, Boophilus microplus (Canestrini), increasing populations of white-tailed deer and other wild ungulates along the Texas-Mexico border are complicating efforts to maintain eradication of these tick vectors of bovine babesiosis from the United States (George 1990 ). White-tailed deer also are major hosts for adults of both the blacklegged tick, Ixodes scapularis Say (Barbour and Fish 1993) , and the lone star tick, Amblyomma americanum (L.) (Bloemer et al. 1986 (Bloemer et al. , 1988 that transmit agents causing Lyme disease, the human ehrlichioses, human babesiosis, and other tick-borne diseases to humans in the eastern half of the United States (Lockhart et al. 1996 , Varela et al. 2004 ). Because increasing populations of white-tailed deer both compromise the fever tick eradication effort and increase risk of humans contracting tick-borne diseases, in 1991 the USDAÐARS mandated efforts to begin research and development of technology to control ticks feeding on these and other wild ungulates.
In an extensive campaign from 1906 through 1943, cattle ticks and southern cattle ticks were eradicated from 14 southeastern states in the United States (Graham and Hourrigan 1977) . Afterwards, a Tick Eradication Program Quarantine Zone was established along the Rio Grande from Del Rio to Brownsville, TX, to prevent reintroduction of these ticks into the United States from Mexico. Currently, personnel of the USDAÐAPHISÐVeterinary ServicesÐFever Tick Eradication Program continue to monitor Ϸ900 miles (Ϸ1,450 km) of river frontage and all pastures within the 0.25Ð10-mile-wide (0.4 kmÐ16.1 km) quarantine zone for outbreaks of cattle fever ticks (both cattle ticks and southern cattle ticks) as well as potential incursions from these ticks on cattle that often stray across the river into the United States from Mexico.
There are strict regulations governing movement of cattle and the presence of ticks within the quarantine zone. To move cattle from the quarantine zone further into the United States to what is referred to as the "free area," cattle must be palpated or "scratched" by trained Tick Eradication Program personnel, and only if all cattle are found to be totally free of all species of ticks, then they are dipped in an organophosphate (coumaphos) acaricide, loaded onto trucks, and immediately shipped to destinations within the United States. If infestations of any tick species are found, then the rancher has the option of systematically dipping cattle at 14-d intervals for an extended period or vacating both the infested and adjacent pastures again for an extended period, usually 6 Ð9 mo.
A major complication with management of Boophilus ticks within the quarantine zone is that whitetailed deer and other wild ungulates are marginal hosts for Boophilus ticks, and it is not feasible to remove them from the infested and adjacent premises. Only recently has technology been developed to aid in controlling ticks feeding on wild ungulates. Studies at the Kerr Wildlife Management Area, Hunt, TX, demonstrated that ivermectin-medicated whole kernel This article reports the results of research only. Mention of a proprietary product does not constitute an endorsement or a recommendation by the USDA for its use. In conducting the research described in this report, the investigators adhered to protocol approved by the U.S. Department of Agriculture, Agricultural Research Service Animal Welfare Committee. The protocol is on Þle at the USDAÐARS, Knipling-Bushland U.S. Livestock Insects Research Laboratory, Kerrville, TX.
corn, Zea mays L., was very efÞcacious in controlling lone star ticks feeding on white-tailed deer and that it also reduced populations of free-living ticks within the treatment area (Pound et al. 1996) . These studies were extended to much larger Þeld trials of the medicated bait to control Boophilus ticks infesting Ϸ6,500 acres (Ϸ2,630 ha) of the Apache Ranch and 22,000 acres (Ϸ8,903 ha) of the Catarina Ranch, both lying along the Rio Grande within the fever tick quarantine zone in western Webb County, Texas. These experimental Boophilus tick eradication efforts were successful on both ranches. However, because ivermectin and other avermectins including doramectin are not labeled for use in humans or in food animals consumed by humans, a 90-d withdrawal period is required by the U.S. Food and Drug Administration for experimental use of avermectins in deer before consumption by humans. The lack of use labels for avermectins is a major complication to implementing the medicated corn technology as part of a regulatory program. SpeciÞcally, before the Food and Drug Administration determines a withdrawal time and grants a label for use of an avermectin such as doramectin in deer, residue studies on a variety of tissues must be completed and results submitted to them.
Other than a permethrin formulation that was recently labeled by the U.S. Environmental Protection Agency (EPA Registration No. 39039-12) to control ticks feeding on white-tailed deer as applied by the "four-poster" topical treatment device (Pound et al. 1994 (Pound et al. , 2000a , we are aware of no other medications or chemicals that are labeled for use on white-tailed deer in the United States. However, a study was published that determined the depletion rate of ivermectin (a macrocyclic lactone) from blood serum of buck (male) and doe (female) white-tailed deer (Pound et al. 2004 ) to be below the minimally detectable concentration of 2 ppb in Ͻ14 d after termination of treatment.
The currently mandated withdrawal time for ivermectin (Ivomec Pour-on, Merial, Rahway, NJ) in the United States for cattle is 48 d, and for reindeer and bison is 56 d, whereas for deer in New Zealand it is 28 d. The withdrawal time for doramectin (Dectomax PourOn, PÞzer, Exton, PA) in cattle in the United States is 45 d. Because George and Davey (2004) estimated efÞcacy of 99.8% against B. microplus feeding on cattle injected with doramectin at a dose rate of 200 g/kg, and doramectin administered orally to cattle at a minimal rate of 50 g/kg/d controlled 100% of A. americanum feeding on cattle (J.A.M., unpublished data), the current study was designed to permit comparison of the depletion time of doramectin from serum of white-tailed deer with the depletion time of ivermectin.
Materials and Methods
The white-tailed deer used in this study were reared and maintained at the Texas Parks and Wildlife Department, Kerr Wildlife Management Area, Hunt, TX, and all aspects concerning the welfare of the animals was under the direct supervision of trained management area personnel. Six does were selected and individually housed in a deer handling facility that included deer pens with passages leading to a central rotunda and drop-chute restraint device. For Ϸ1 wk before treatment, the deer were provided water and specially formulated 19% protein deer pellets (Bode Feed and Supply, Harper, TX) ad libitum. Two days before beginning treatment, deer were provided water ad libitum, and 2.72 kg (6 lb) each of whole kernel corn and 19% protein pellets in separate containers. Both corn and pellets were weighed daily from this time through the end of the study to determine relative rates of consumption of the feeds. On day 0, deer were bled, weighed, and doramectin-medicated corn was substituted for the plain corn. The corn was formulated with 10 mg of doramectin/0.45 kg corn, anticipating that each doe would consume Ϸ1% of body weight, or 0.45 kg of treated corn per 45 kg of body weight per day, an amount resulting in serum concentrations of doramectin of Ϸ30 ppb.
On day 17 of treatment, deer were bled for serum analysis of doramectin concentration with high-pressure liquid chromatography by using the technique of Oehler and Miller (1989) for ivermectin. On day 21 of treatment, deer were bled for serum assay, and the treatment was terminated by substituting the doramectin-medicated corn with untreated corn. With the day of termination of treatment reset as day 0 after treatment, the deer were bled and serum was assayed to determine doramectin serum concentrations for days 0, 3, 7, 10, 13, 17, and 21 after cessation of treatment.
Descriptive statistics and analyses of variance (ANOVAs) for repeated measures were calculated using SAS System for Windows (SAS Institute 1999 Ð 2001 and SigmaStat for Windows (SPSS Inc. 1992Ð 1997 .
Results
During treatment, we observed that for unknown reasons one of the six does did not consume appreciable medicated corn. This was conÞrmed with the Þrst three blood samples from this deer that showed less than the minimally quantiÞable doramectin serum concentration of 2 ppb. Therefore, this deer was excluded from the data set. Both consumption of appreciable amounts of medicated corn and positive serum samples taken from the remaining Þve does 4 d before cessation of treatment (day Ϫ4) conÞrmed substantial ingestion of doramectin.
Depletion of doramectin serum concentrations after ingestion of doramectin-medicated whole kernel corn is shown in Fig. 1 . The mean doramectin serum concentration for the Þve does on day Ϫ4 was 54.0 ppb (range, 33Ð112) and was signiÞcantly less than the 72.8 ppb (range, 33Ð175) observed 4 d later on day 0 (t ϭ Ϫ2.37; df ϭ 1, 28; P ϭ 0.0247). After termination of treatment on day 0, there were signiÞcant decreases in doramectin serum concentrations from 72.8 ppb on day 0 to 35.6 ppb (range, 15Ð 81) on day 3 (t ϭ 4.70; df ϭ 1, 28; P Ͻ 0.0001) and from 35.6 ppb on day 3 to 14.2 ppb (range, 7Ð37) on day 7 (t ϭ ; df ϭ 1, 28; P ϭ 0.0247). In contrast, there were no statistical differences of least squares means from 14.2 ppb on day 7 to 5.6 ppb (range, 0 Ð11) on day 10 (t ϭ 1.09; df ϭ 1, 28; P ϭ 0.2868) or thereafter from 5.6 ppb on day 10 to 0.0 ppb (range, 0 Ð 0) on day 14 (t ϭ 0.71; df ϭ 1, 28; P ϭ 0.4853) or similarly from 0.0 ppb on day 14 to 0.0 ppb (range, 0 Ð 0) on day 17 t ϭ 0.00; df ϭ 1, 28; P ϭ 1.000) and from 0.0 ppb on day 17 to 0.0 (range, 0 Ð 0) on day 21 (t ϭ 0.00; df ϭ 1, 28; P ϭ 1.000).
During the 44 d of the study, the Þve does consumed considerably more than the anticipated 1% of body weight of both doramectin-medicated and untreated corn. This resulted in greater than anticipated blood serum concentrations of doramectin. For the 23 d that the does were fed untreated corn, the mean corn consumption averaged 1.99% of body weight per d, and for the 21 d that does were fed doramectin medicated corn they averaged 2.20% of body weight per day. During the same periods, they consumed 1.04 and 0.78% body weight per d of 19% protein deer pellets, respectively.
Discussion
Does in this study consumed considerably more medicated corn per unit body weight, and therefore serum analyses showed much higher concentrations of doramectin than was anticipated from a similar studies with ivermectin (Pound et al. 1996 (Pound et al. , 2004 . In a previous study in which deer were fed limited amounts of ivermectin-medicated corn according to the known numbers of deer present in a large gamefenced pasture situation, serum ivermectin concentrations were monitored for 2 yr, and averaged 22 and 28 ppb (Pound et al. 1996) . These averages were near the anticipated concentration of Ϸ30 ppb. In a study similar to the present one in which deer were maintained in small pens and fed ivermectin-medicated corn and 19% protein deer pellets ad libitum, the combined mean serum concentration for bucks and does was 27.5 ppb, which again is near the anticipated mean of 30 ppb (Pound et al. 2004) .
The apparent differences in consumption rates between doramectin-and ivermectin-medicated corn suggest either differences in preferences based on taste of the different formulations of the pour-on compounds or perhaps an unpalatable or otherwise undesirable taste associated with the specially formulated 19% protein deer pellets. Regardless, additional studies will be needed to determine the basis for the unusually high rate of consumption of both treated and untreated corn and the simultaneous low rate of consumption of pellets.
Regardless of reasons for the greater than expected serum concentrations of doramectin observed in the current study, this unexpected situation presented a special opportunity to observe depletion rates that began at unusually high levels. Although the mean serum concentration of doramectin on day 0 at 72.8 ppb was 2.4 times the expected 30 ppb, concentrations in all Þve does were below the minimal quantiÞable level of 2 ppb by day 14 after cessation of treatment. In addition, the doramectin concentration in the doe with the highest level on day 0 of 175 ppb decreased sequentially on days 3, 7, 10, and 14 Ð 81, to 37, 11, and 0 ppb, respectively. Thus, even in this extreme case of a serum level in excess of 5.8 times the prescribed dose, the serum level decreased to below detectable by 14 d after treatment. Realizing that the depletion rate in serum is not the only criterion to be considered nor the only tissue depletion rate to be required by Food and Drug Administration in approving a label for a compound to be taken internally by a food animal, this 14 Ð d serum depletion time is considerably less than the 90 Ð d withdrawal time for experimental procedures currently mandated by FDA, and these data may assist in achieving a reduction of the current experimental withdrawal time. By reducing this 90 Ð d requirement, deer could be treated for ticks for much longer periods, especially during the late summer before the beginning of hunting season and thus greatly increase the efÞcacy of tick control efforts.
